Wetlands cover almost 14% of the area of Poland, but most of them are in bad condition. This paper aims are compiling an up-to-date Polish list of wetland species based on the data on their distribution and threat status in individual regions. 609 species were analyzed and their respective threat categories were examined in 13 local lists. It has been shown that 65% of the wetland species are classified as threatened taxa in at least one red local list. The data were used to create a formula for calculating the new threat category for each of the species. The resulting red list of wetland species includes 283 taxa.
INTRODUCTION AND OBJECTIVES
Wetlands are among the most endangered of all ecosystems on the Earth (Amezaga et al. 2002; Bobbink et al. 1998; Bronmark, Hansson 2002) . It is believed that overall more than half of the world's wetlands may have been destroyed in the 20 th century (Ramsar Convention Bureau 1996) . The figure is even higher in Europe where approximately two thirds of all wetlands were lost (CEC 1995) during the previous century and their number is still decreasing (Finlayson et al. 1992 , Groombridge et al. 1998 . Between 1950 and 1980 many wetlands were drained in both western and eastern Europe, and converted into forests (68%) and agricultural lands (10%) (Silva et al. 2007 ). The results of research conducted in Germany and Holland show that the two countries have lost respectively 53% and 48% of their wetlands. The same trend is observed in less densely populated countries, like Finland (EUROSTAT 2009) or Estonia (Kimmel et al. 2010) , where wetlands originally covered most of the area.
In Poland natural and drained wetlands cover a total of approximately 4.3 million ha, which is approximately 13.9% of the area (Dembek 2002) . Under natural conditions, wetlands were mostly composed of forest communities − ash-alder riparian forests, alder forests and marshy coniferous forests. At present forest and scrub vegetation covers only 15% of these areas. As much as 77% of the wetland area is now covered by grasslands, with fresh meadows and pastures dominating, which indicates that the sites must have been extensively drained. Non-forest marshy communities (reed beds, raised transitional bogs, raised bogs) cover only 8% of the wetland area (Oświęcimska-Piasko et al. 2006) and are one of the most threatened of all ecosystems in Poland (Dembek et al. 2004) .
Wetlands have received a lot of scientific attention in recent years, not only because they are threatened but also because of their significant ecosystem services (e.g. Costanza et al. 1997; Chen et al. 2008 Zhou et al. 2009; Zeng and Chen, 2009, 2011) in terms of contaminant degradation, water supply, climate regulation, flood storage, drought resistance, biodiversity conservation, etc. (Mitsch, Gosselink 1993; Schweiger et al. 2002; Haslam 2003; Belyea, Malmer 2004; Bobbink et al. 1998; Zhou et al. 2007) . Due to such a high threat status and their numerous functions, wetlands have been protected worldwide for many years (Amezaga et al. 2002) . One of the first comprehensive studies on the threatened flora of the Polish peatlands was written by Jasnowska J. and Jasnowski M. in 1977 (Jasnowska, Jasnowski 1977) . The book includes a list of threatened and endangered species of the Polish wetlands, i.e. 172 species assigned to one of the four categories. By now the list has become largely out-ofdate. Over the last several years, the amount of chorological data has increased, but at the same time new risk factors have developed and the pre-existing conditions worsened. As a result, it proved necessary to update the list developed over 30 years ago. Moreover, the authors have concluded that the new Polish red list of threatened species (Zarzycki, Szeląg 2006) covering the flora of all habitats fails at some points to provide accurate threat categories for wetland species. This paper aims at creating a new Polish red list of threatened wetland species that would be based on local red lists and comparing it with the existing Polish red list of threatened plant species (Zarzycki, Szeląg 2006) . Moreover, the authors aimed at comparing the Polish red list with the individual local red lists. The new list could be used to undertake the actions needed to provide better protection for the threatened species (Brito et al. 2010) .
METHODS
The list of species was prepared by first compiling a synoptic view of the regional Red Lists and then by selecting the species using two criteria. For the purpose of creating the Polish red list of threatened wetland species, taxa meeting one of the two criteria were selected:
1. taxa occurring at moist, wet or aquatic sites, with the wetness index "W" over 4 (Zarzycki et al. 2002) . 2. taxa specific to one of the following syntaxa:
Lemnetea, Thero-Salicornietea, Asteretea tripolium, Potametea, Phragmitetea, Isoeto-Nanojuncetea, Bitentetea tripartiti, Littorelletea uniflorae, MontioCardamintetea, Utricularietea intermedio- The species' threat category was examined both for Poland as a whole (Jasnowska, Jasnowski 1977; Zarzycki, Szeląg 2006 ) and for individual regions for which local red lists of threatened species were available. The criteria for selecting the lists for analysis were as follows: -the most recent lists or books were analyzed, -no lists from smaller regions within the geographic ranges of lists from a larger region were analyzed, -both lists created for central Poland were taken into account, i.e. one listing natural and semi-natural habitats and the other comprising segetal plants. As a result, threatened species from 13 regions were analyzed:
In detail, the following local red lists were included (region abbreviations are used further in the text):
PZ − Pomorze Zachodnie (Western Pomerania) (Żukowski, Jackowiak 1995), PG − Pomorze Gdańskie (Gdańsk Pomerania) (Markowski, Buliński 2004 (Jasnowska, Jasnowski 1977) .
To compare a threat category in different regions, various threat categories were replaced with numbers. For the purpose of statistical analyses, the IUCN categories (1976, 1994) were translated as shown in the table (Table 1) .
A three-step procedure was applied for the purpose of creating the final list of threatened species.
Step 1:
For each of the 609 taxa meeting the criteria 1 and 2 defined above, the average threat (AT) was calculated using our own formula (1).
where: Tc -threat category given as a numerical value (Table  1 ) n -number of local red lists with analyzed species List no. 1 was created based on the parameter calculated (AT), by replacing the numerical values with threat categories as per Table 2. Step 2:
The threat index (TI) was calculated based on species distribution in Poland (Zając et al. 2001 ), using our own formula (2).
The reduction index (RI) was calculated by determining the number of regions (within the geographic range of the analyzed lists) inhabited by each of the species. The result was then divided by 13, i.e. by the number of the analyzed local red lists. List no. 2 was drawn up based on the calculated parameter (TI) for which numerical values were changed into threat categories as per Table 2.
Step 3:
Threat categories provided in list no. 2 were corrected arbitrarily for species:
• with numerous stands in regions for which no local lists were prepared, • not included in the "Distribution Atlas…" (Zając et al. 2001 ), • "DD" or "I" threat category assigned in most of the regions -in that case, irrespective of the index value, the species were assigned the DD category. It was particularly important to adjust threat categories for species having numerous stands in north-eastern Poland. The most recent floristic studies were analyzed for the region (e.g. BednarekOchyra et al. 2001; Pawlikowski 2008a,b,c; Pawlikowski et al. 2009 ) in an effort to gather information concerning the threat categories of the species.
In that way the final list of threatened wetland species was prepared − list no. 3 (NPL).
RESULTS

Analysis of the existing lists
The vascular flora in Poland comprises 2490 species (Zając M, Zając A. 2003) , including 609 wetland species, which were thoroughly analyzed. Thirteen local red lists and two Polish lists (Jasnowska, Jasnowski 1977; Zarzycki, Szeląg 2006) were consulted for information concerning the said species. The analysis has shown that 65% of the wetland species (393) are taxa listed as threatened in Table 1 Numerical values assigned to individual threat categories.
Threat category
Numerical value Ex and EW 10 CR 8 E 7 EN 6 VU and V 4 LR and R 1 DD 3 Table 2 Average threat (AT) or Threat index (TI) transformed into different threat categories.
At and TI value New category 10 EX 7.5-9.9 CR 5.0-7.4 EN 2.5-4.9 VU 1.5-2.4 LR at least one of the local red lists. Species included in 1 to 4 lists are the most numerous group -altogether they constitute over 50% of 393 species (Fig. 1) . The least numerous group are taxa listed as threatened in all of the 13 regions, and the group includes the following three species: Drosera anglica, Iris sibirica and Salvinia natans.
The number of wetland species in individual local red lists is also very different (Fig. 2) , with the lists for north-western and western Poland being the most numerous ones, and those for the eastern part composed of fewer species.
The two analyzed Polish lists comprise 172 (Jasnowska, Jasnowski 1977) and 159 (Zarzycki, Szeląg 2006) wetland species. The 1977 list is a peatland (TORF) species list, therefore it might not include all of the species that would meet the criteria for wetland species defined now by the authors. The 2006 list (PL) comprises 504 taxa, out of which over 30% are taxa of moist and marshy habitats.
New list
List no. 1 is the longest one and comprises 366 species. With the reduction index (RI) applied, the number was reduced to 261, and many species were assigned lower threat categories (List no. 2). The final list (NPL) comprises 283 species (Appendix no. 1), including 23 species with the DD category assigned. The differences in the number of species with specific threat categories assigned in each of the three lists are presented in Fig. 3 .
Comparison of the lists
Further analyses were conducted using the new list (NPL), which best reflected the actual risk for Polish wetland species. The comparison of the 2006 list (PL) and the new list (NPL) showed in particular a significant increase in the number of "E/CR and EN" and "R/LR" species (Fig. 4) . It should be noted that the new list (NPL) comprises three additional species that are listed as extinct in Poland, namely Apium innundatum, Carex punctata and Eleogiton fluitans. These species are also listed as extinct in local red lists with only single stands recorded in the respective regions (Zając, Zając 2001) .
The new list (NPL) comprises 125 new species not mentioned in the PL list (Zarzycki, Szeląg 2006) . One new critically endangered species Hypericum pulchrum L. appeared in the list, along with as many as 14 species listed as EN (Fig. 5) . Out of 158 species included in both red lists, 104 species did not have their threat status changed, 13 species were assigned a lower threat category and 42 were assigned a higher one (Fig. 6) . All of the 13 species had their threat category reduced by one. Special attention should be paid to Anacamptis piramidalis, the orchid which was considered extinct in Poland until 2009 and was now assigned CR category. Out of 42 species that had their threat category increased, 4 taxa were assigned a category that was higher by more than one category and these were: Viola elatior, Juncus triglumis, Juncus tenageia, Glaux maritima. Viola elatior is the only species which was assigned threat category I in the PL list, and a specific threat category in most of the lists, which made it possible to eventually determine its threat category as EN.
The only species that was not included in the new list and had a threat category assigned in the PL 2006 list is Ranunculus lingua. It was assigned VU threat category despite being present all over Poland and listed as threatened in only 2 lists with the threat index (TI) of 1.2.
Similarities between the lists and the main gradients making the lists different were checked by the Principal Component Analysis (PCA). The first ordination axis accounts for 28%, and the other one for 14.1% of the variation in the red lists' set. Axis I differentiates the lists based on the number of wetland species, while axis II reflects their geographical distance. The Polish lists: PL (Zarzycka, Szeląg 2006 ) and the new list (NPL) are located next to each other and, at the same time, are most similar to local lists from north-western Poland, while the TORF list (Jasnowska, Jasnowski 1977) is most similar to the lists for Kujawsko-Pomorskie (the Kujawy-Pomerania Province; Fig. 7) . 
DISCUSSION
The wetland flora comprises 24% of the total number of vascular plant species recorded in Poland. Almost half (46%) of them are species listed as threatened as per new list (NPL). At the same time, all of the species threatened in Poland comprise only 20% of the entire flora (Zarzycki, Szeląg 2006 ). This implies a very serious threat to this type of habitats and, at the same time, stresses their key role in preserving the flora biodiversity of the whole country. A similar situation is observed in most European countries and the rest of the world. Approximately two thirds of all European wetlands have been lost since the beginning of the last century (Amezaga et al. 2002) , and this increasing tendency continues (Jantke et al. 2010) . Disappearance of wetlands is especially a problem in EU countries, such as Estonia (Kimmel et al. 2010) , where habitats (especially peatlands) have their primary location. The tendency is further confirmed by the fact that out of 283 species listed as threatened in Poland and included in the new list (NPL), as many as 81 taxa (almost 30%) are also classified as threatened in Central Europe (Schnittler, Günther 1999) . Out of this number, special attention should be paid to the following taxon groups:
(1) species listed as vulnerable (VU) Poland is particularly responsible for the maintenance of the first two groups for Europe, and therefore the country needs to monitor the population abundance and undertake protective measures as required. The same applies to species from group (3) whose distribution and threat category in Poland should be analyzed as soon as possible.
Critical analysis of Polish lists
Comparison of the Polish list (PL) with the new list (NPL) created based on the analysis of local lists shows many differences. They may be grouped into three categories: Group 1. Species that were not included in the Polish red list and should be included there due to a small number of stands in Poland and the dynamics of their population. Group 2. Species that were assigned too low threat categories in the Polish lists despite the fact that they have a small number of stands in Poland and are assigned high threat categories in most local lists. Group 3. Species that were assigned too high threat categories in Polish lists despite the fact that they are present all over Poland and are listed as threatened in only few local lists, most often with a low threat category.
The differences are mostly due to the lack of detailed floristic information, which should serve as the basis for assigning the IUCN categories (IUCN, 2003) . This fact is also pointed out by authors analyzing the red lists of other groups of organisms (Dahlberg, Mueller 2011; Milner-Gulland et al. 2006; Garcia, Marini 2006; von May 2008) . Local lists covering much smaller areas are created by naturalists who have in-depth knowledge of threats posed to local populations. That is why the Polish list prepared based on the analysis of the local lists seems to be burdened with a smaller error. At the same time, the new list (NPL) proved to be most similar to the list for NW Poland, which is probably due to the rich wetland flora in this region. This stems from the fact that it is an early post-glacial area characterized by a relatively large number of wetland habitats in particular peatlands (Oświęcimska-Piasko et al. 2006) .
The new list (NPL) differs from the Polish list (PL) by a higher number of species with the undetermined threat category (DD). It mostly comprises species that were not included in the Polish list PL, and were included in numerous local lists with the DD category assigned. This again confirms the fact that local lists add new information about potential threats to species in Poland (Załuski 2009) .
The fundamental first step in conservation planning and prioritization is to evaluate the status of species according to their extinction risk (Mace, Lande 1991; IUCN 2001; Miller et al. 2006 Miller et al. , 2007 . Also in Poland vascular plant species are assigned their conservation status, mainly based on the information about the risk they face. Out of 397 species of vascular plants that are protected in Poland, 230 taxa (58%) are also endangered as per the PL list (Kopeć et al. 2008) . The important message is that the improved red lists may be expected to provide more effective protection for species at risk.
Appendix 1
The new red list (NPL) of Polish wetland flora. Zostera marina L. VU 3.5 2
Zostera noltii Hornem VU 3.5 2
Explanation:
!!! -particular responsability; !! -high responsibility; ! -responsibility; (!!!) -responsible for isolated outposts nd -no data to account TI (no data on local red lists or conected with distribution in Poland).
